Background: Chemotherapy-induced alopecia is a common, psychosocially distressing side effect of cancer treatment for which preventative therapies are lacking. Several animal models have been developed to study CIA, including adult murine models. In order to induce CIA in adult models, hair follicles must be synchronized into anagen. The present study seeks to investigate which method of anagen synchronization yields the most representative model of CIA; no study thus far has compared these methods.
Introduction
Chemotherapy-induced alopecia (CIA), occurring in approximately 65% of chemotherapy patients, is experienced by many as a severely disturbing event [1] [2] [3] . As of yet, no preventative therapy for CIA has shown to completely protect patients from alopecic chemotherapy [1, 4] . Several animal models have been developed to screen preventative therapies for CIA. In order for an animal model to be susceptible to CIA, its hair follicles (HFs) must be rapidly proliferating in anagen. The first CIA murine model was the albino Spraque Dawley neonatal rat in which chemotherapy was administered before postnatal day 14, up until which time its HFs are synchronized in anagen [5, 6] . The next murine model developed was the adult mouse, using 6-to 8-week-old C57/BL6 mice [7] . Synchronization into anagen was required prior to the administration of chemotherapy because most HFs on 6-to 8-week-old mice are in telogen or catagen [6] .
Anagen synchronization in the adult mouse model was accomplished by removal of telogen hairs via waxing [7] . Waxing, however, has been shown in mice to induce wounding trauma and results in the generation of fewer hair shafts, thinner hair fibers, and lower melanin content per hair shaft [8] . When the adult pigmented Long-Evans (LE) rat model was developed, clipping was instead used to induce anagen [9] . Adult LE rats are clipped on day 21 and chemotherapy is administered between day 36 and day 38 [9] . Given the potentially confounding features of traumatic hair removal, we sought to compare the following methods of anagen synchronization in adult LE rat skin: clipping, shaving, waxing and plucking.
Materials and Methods
All animal care and use procedures were approved by the University of Miami Institutional Animal Care and Use Committee. LE rats were purchased from Charles River Laboratories, Wilmington, MA, USA and were kept under standard conditions. Rats were anesthesized with ketamine/xylazine (50 mg/kg and 5 mg/kg, Sigma-Aldrich, St. Louis, MO, USA) prior to anagen synchronization. Animals were euthanized according to IACUC procedures.
Twenty-one day old rats were randomized into five cohorts, I to V, of ten rats each. Hair shafts were removed by applying the following treatments to the dorsal back skin: (I) clipping, (II) shaving, (III) waxing, and (IV) plucking. In group I, hair was removed with an electric clipper, as described [9] . Group II animals were covered in shaving cream before removing hair by applying a razor close to the skin. Caution was taken not to abrade the skin with the razor or the electric clipper. In group III, a melted wax/rosin mixture was applied to the skin and was peeled off after hardening, as described [6, 7] . In group IV, hair was removed with a tweezer. An untreated group (V) was used for weight and histological comparison.
Skin samples were obtained for histological analysis on postnatal day 36, fifteen days after the initial hair removal treatment. Twenty Page -02 ISSN: 2373-1044 hair follicles from every animal in each group were analyzed at random to determine the percentage of hair follicles in anagen V-VI. Dorsal skin biopsies were fixed in 10% formalin, dehydrated and embedded in paraffin wax, before being cut into 5 μm sections and stained with hematoxylin and eosin. Images were captured using a microscope with a 4x objective (Observer D1; Carl Zeiss Microimaging Inc., Thornwood, NY, USA).
Results
Rats demonstrated gross evidence of hair removal immediately after respective methods of anagen synchronization on day 21 (figures not shown). Grossly, the waxed group showed substantial scabbing of dorsal skin and the shaved and plucked groups showed minimal scabbing. The clipped group showed no signs of gross skin trauma.
There were significant differences in the histological profiles of clipping, shaving, waxing, and plucking on day 36. Clipping resulted in a robust anagen, with 85% (170/200) of HFs displaying features of anagen V-VI: prominent hair bulbs, HFs penetrating the subcutaneous fat, and thick hair shafts protruding above the epidermis (Figures  1b and 2) . In the shaved group, 30% (60/200) of HFs were found in anagen V-VI (Figures 1c and 2) . Waxed, plucked, and control groups had no HFs in anagen V-VI; HFs in these groups did not penetrate the subcutaneous layer, hair bulbs were less prominent, and hair shafts appeared thinner (Figures 1a,1d,1e and 2) .
Using Fisher's exact test, the difference between clipped and shaved groups was statistically significant (p<0.01). The difference between the clipped group and the waxed or plucked groups was also significant (p<0.01). Finally, the results of the shaved group were also significantly different from the waxed or plucked (p<0.01).
Taking into account both effectiveness of inducing anagen, which is demonstrated in Figure 2 , and the risk of skin trauma, clipping is the superior method as it has the highest percentage of follicles in anagen V-VI and has no evidence of gross skin trauma. The next best method is shaving, followed by plucking, and ending with waxing. These comparisons are demonstrated in Table 1 .
Discussion
Adult murine models of CIA require anagen synchronization in order to best represent the human scalp. Anagen synchronization in murine models is accomplished by hair removal prior to the administration of chemotherapy. Previously, both waxing in the adult mouse and clipping in the adult rat models have resulted in effective induction of CIA [7, 9] . Here, we found that fifteen days post clipping in the adult rat model resulted in a robust anagen with 85% of HFs in anagen V-VI and with normal-looking skin and HFs. Shaving resulted in a moderately robust anagen with 30% of follicles in V-VI. However, with shaving there is a risk of accidental wound-induction by nicking, even with careful technique. Waxing and plucking resulted in no follicles in anagen V-VI. At this point in time, waxing and plucking may also lead to skin irritation and erosion. We used the fifteen-day post hair removal time point for hair analysis comparison because from the literature and our previous experience it is the optimal time point to induce chemotherapy-induced alopecia. The
Effectiveness of inducing anagen V-VI on day 36 Gross skin trauma
Clipping 85% ± 5% SEM None Shaving 30% ± 2% SEM Minimal
Plucking 0% Minimal Waxing 0% Severe traumatic effects of waxing, plucking, and shaving in CIA murine models may confound results. Clipping is, therefore, the preferred method of anagen synchronization in the adult rat model for CIA because it produces the most robust anagen, it does not traumatize HFs or skin, and it is the method least stressful to the animals.
